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Description 

Fluid Separation Methods Using a Fluid 
Pressure Driven and/or Balanced 

Approach 

Cross Reference to Related Applications 

[0001] This is a divisional application of U.S. application serial 

No. 10/008,989 filed November 2, 2001, which claims the 

benefit of U.S. Provisional application No. 60/245,282, 

filed November 2, 2000. 
Background of Invention 

[0002] The present invention is directed generally to centrifugal 
fluid separation devices and is more particularly con- 
cerned with a pressure driven and/or balanced separation 
device preferably having a disposable, non-invasively 
driven, loopless rotor disposed in a rotating-sealless rela- 
tionship with the entry and exit flow tubing lines. 

[0003] a number of fluid separation devices have been known 

and various models are currently available for the separa- 



tion of blood or other composite fluids into the various 
component elements thereof. For example, a variety of 
centrifugal machines are available for separating blood 
into component elements such as red blood cells, 
platelets and plasma, among others. 

[0004] Centrifugation for such purposes has come in many forms 
in both continuous and batch types. For example, in the 
widely used process known as continuous centrifugation, 
as generally opposed to batch process centrifugation, a 
continuous input of a composite fluid is flowed into the 
separation device or chamber while at the same time the 
components of that composite fluid are substantially con- 
tinuously separated and these separated components are 
usually then also substantially continuously removed 
therefrom. Many currently popular forms of such continu- 
ous fluid separation devices include loops of entry and 
exit flow tubing lines connected to the separation cen- 
trifuge chamber such that each loop is rotated in a relative 
one-omega — two-omega (loo - 2 00) relationship to the 
centrifuge chamber itself so that the tubing lines will re- 
main free from twisting about themselves. 

[0005] An alternative form of tubing line connection to a contin- 
uous centrifugal separation device is also available in the 



art which does not have such a loop, but which instead 
requires one or more rotating seals at the respective con- 
nections of the tubing line or lines to the centrifuge sepa- 
ration chamber, again to maintain the tubing lines free 
from twisting. 

[0006] Batch-type centrifugation, on the other hand, usually in- 
volves separation of a composite fluid such as whole 
blood in a closed container, often a deformable bag, fol- 
lowed by a usually complicated process of automated 
and/or manual expression of one or more of the sepa- 
rated components out of the separation container or bag. 
A great deal of control, either automated, such as by opti- 
cal interface detection, or by a diligent human operator 
watching a moving interface, is required with such previ- 
ous batch-type processes. Indeed, various means and 
methods have been used in prior centrifugal separation 
devices both continuous and batch, for driving fluid flow 
and for maintaining desirable interface position control 
between the component elements being separated 
thereby. For example, as mentioned, many optical control 
feedback methods and devices have been employed in the 
art. Various pumping and valving arrangements are also 
used in various of these and other systems. Alternative, 



relatively automatic volume flow and density relationship 
interface controls have also been used. For example, in a 
continuous system, control outlet ports may be disposed 
in strategic locations relative to the separated component 
outlet ports. 

[0007] Nevertheless, many facets of these prior separation de- 
vices, though satisfactorily productive, may provide cer- 
tain features which are less efficient than a desired opti- 
mum. For example, centrifugal separation devices using 
loops of tubing lines rotated in the above-described loo - 
2o) relationship with the centrifuge separation chamber 
generally require significant, usually large drive mecha- 
nisms which thereby mandate that each such entire device 
then also be necessarily of a relatively large scale. Rotat- 
ing seal devices, on the other hand, require intricate and 
often operationally problematic rotating seal structures. 
Sterility may also be an obstacle for rotating seals. Still 
further, many prior drive and/or interface control systems 
have either been overly complex as in the case of most of 
the optical control models, and/or automatic volume 
flow/density controls may not be as desirably efficient in 
separation due to the usually inherent re-mixing of some 
quantities of the centrifugally separated components. 



[0008] Hence, substantial desiderata remain to provide more 

highly efficient centrifugal separation devices in terms of 
increased efficiency fluid flow drive and separation inter- 
face controls; reduced rotor drive mechanization, quantity 
and/or scale; and/or reduced seal need and/or intricacy. 
It is toward any one or more of these or other goals as 
may be apparent throughout this specification that the 

present invention is directed. 
Summary of Invention 

[0009] The present invention is directed generally to centrifugal 
separation devices and/or systems for use in centrifugally 
separating composite fluids into the component elements 
thereof. Such centrifugal separation devices and/or sys- 
tems include unique centrifugal rotor and rotor housing 
combinations in which each rotor may be disposed in a 
freely rotatable disposition relative to the rotational device 
housing. Freely rotatable indicates loopless and rotating 
sealless as well as a preference that these rotors may be 
magnetically or otherwise non-invasively driven. A totally 
closed system may thus be provided with simple steriliza- 
tion and disposability of the rotor and/or the rotor/ 
housing combination and/or the tubing set associated 
therewith. 



[0010] Each rotor has a substantially central fluid receiving/ 
containing area and several fluid flow channels defined 
therein. In a preferred embodiment, a composite fluid to 
be separated into component parts may then be delivered 
to the fluid receiving area from which it may travel under 
centrifuge conditions through a fluid transport channel to 
a circumferential fluid separation channel where it may be 
subjected to substantial centrifugal forces which may sep- 
arate the composite fluid into respective components. 
These components may then travel to distinct first and 
second separated fluid outlet channels. The separated 
fluid components may then exit from these outlet chan- 
nels and may then be moved from the separation device 
to a collection bag for storage or further processing or 
may then be returned to the donor. The composite fluid 
may be of various sorts, but is preferably whole blood, 
and the respective components may then be plasma and 
red blood cells (RBCs), although buffy coats and/or 
platelets, among others, may also be separated and har- 
vested herewith. 

[0011] The inlet channel and the first and second fluid outlet 
channels are preferably pre-selected to have respective 
inlet and first and second outlet lengths or "heights" (or 



relative radial distances) that are selected to be related to 
each other so as to provide a substantial hydraulic or hy- 
drostatic fluid pressure balance between the outlets for 
the respective separated fluids flowing therethrough. Such 
a pressure relationship provides for forcing the fluid flow 
and the outlet balance preferably controls the desired lo- 
cation of the interface between the separated fluid com- 
ponents within the circumferential separation channel. 
The preferred outlet channel length or height relationship 
which provides this hydraulic balance may be derived 
from the general hydrostatic equation P 2 9 2 n 2 = P 3 9 3 n 3 
wherein the length or height of the first outlet channel in 
this equation is h^, and the length or height of the second 
outlet channel is h^. These relative lengths or heights, 
and h 3 , may then be selected so as to provide the appro- 
priate preferred pressure balance given a separating com- 
posite fluid to be flowed in separated fluid component 
parts therethrough. The other variables in the above 
equation are either fluid dependent, see e.g., p 2 and p 3 
which represent the respective densities of the separated 
fluids in the first and second outlet channels, or are oth- 
erwise relatively non-selectable and/or for the most part 
not as consequential or are relatively non-governing in 



the general equation, e.g., the and g 3 variables are 
gravitational or centrifugal acceleration values preferably 
representing the respective average g value in each of the 
two columns, which may be a similar, if not a substantially 
equal value (i.e., even though there is likely a distinction, 
g 2 may generally vary a relatively small amount from g^ 
in normal operation. Hence, the dominant, selectable 
driving differences will be in the relative heights and h 3 
which may simply be chosen to accommodate for any dif- 
ferences in the other terms, p or Thus, for a composite 
fluid such as whole blood, where the respective densities 
of the separable component parts, e.g., plasma and RBCs, 
are known (within sufficiently controllable ranges), then 
the respective heights, and h 3 may be chosen to appro- 
priately set the location of the interface of separated com- 
ponents therebetween. This interface will thus remain 
where desired, preferably in the separation channel 
notwithstanding a substantially continuous inflow of com- 
posite fluid to be separated and a substantially continuous 
outflow of separated components. 
[0012] other similarly derived relationships of interest particu- 
larly relative to the dynamic forcing of the fluid flow in 
this invention, among others, are also involved in the sys- 



terns of the present invention. For example, a further pre- 
ferred aspect of the present invention involves a preferred 
relationship between either of the outlet fluid pressure 
term(s) and the inlet pressure term, particularly as these 
are impacted by the selection of the outlet channel 
heights or lengths and h 3 as described above, as well 
as the selection of the inlet channel height or lengthy 
Here, the fluid will flow in a continuous forward fashion so 
long as the inlet fluid pressure term P 1 9 1 n 1 is at least 
greater than either of the outlet fluid pressure terms p 2 g 
h orp g h In an equation form, this relationship is 

2 2 r 3 3 3 3. mi r 

[0013] pgh > p g h orpgh . 

1 r 2 3 2 2 r 3 3 3 3 

[0014] This relationship governs a general forcing of the fluid 
flow in one direction out of the initial receiving/con- 
tainment area, into the separation channel and from there, 
into the respective component collection areas. In the 
preferred embodiment where pgh = p g h , then the 

2^2 2 3 3 3 

inlet pressure term P 1 9 1 n 1 will be greater than both of the 
outlet pressure terms simultaneously. 
[0015] it is to be understood that both the foregoing general de- 
scription and the following detailed description are exem- 
plary, and are intended merely to provide limited explana- 
tion of the preferred embodiments of the invention as 



more broadly claimed. These and further aspects of the 

present invention will become clearer from the detailed 

description read in concert with the drawings in which like 

component elements are referenced therein with like 

component numbers throughout the several views. 
Brief Description of Drawings 

[0016] Fig. 1A is an isometric schematic view of a separation de- 
vice and/or system of the present invention as connected 
with fluid containers and a human donor. 

[0017] pig. IB is an isometric schematic view of a separation de- 
vice and/or system like that in Fig. 1A shown with addi- 
tional alternative flow components. 

[0018] Fig. 2 is a cross-sectional view of a centrifuge unit of a 
separation device like that in Figs. 1A and IB taken along 
lines 2-2, thereof. 

[0019] Fig. 3A is an isometric view of the separation layer of a 
centrifuge part of a separation device according to the 
present invention. 

[0020] Fig. 3B is a plan view of the separation layer of Fig. 3A. 

[0021] Fig. 3C is a broken-away, cross-sectional view of a por- 
tion of the separation layer of Figs. 3A and 3B, taken 
along line 3C-3C thereof. 



[0022] pigs. 4A, 4B and 4C are cross-sectional views of the cen- 
trifuge unit of the separation device of Figs. 3A and 3B 
taken along respective lines 4A-4A, 4B-4B, and 4C-4C, 
thereof. 

[0023] pig. 5 is another plan view like that of Fig. 3B of a separa- 
tion layer of a centrifuge unit of a separation device such 
as that shown in Fig. 3A. 

[0024] Fig. 6 is a cross-sectional view of an alternative centrifuge 
unit of a separation device according to the present in- 
vention. 

[0025] Figs. 7A, 7B, and 7C are cross-sectional views of still fur- 
ther alternative centrifuge units of alternative separation 
devices according to the present invention. 

[0026] Fig. 8 is a plan view of an alternative separation layer of a 
centrifuge unit according to the present invention. 

[0027] Fig. 9 is an isometric view of the alternative embodiment 
of the separation device of Fig. 8. 

[0028] Fig. 10 is a plan view of a further alternative separation 
layer according to the present invention. 

[0029] Fig. 11 is a plan view of a further alternative embodiment 
of the present invention. 

[0030] Fig. 12 is an isometric view of an alternative embodiment 
of a separation layer like that shown in Fig. 11. 



[0031] pig. 13 is a cross-sectional view like that of Fig. 2 of an 

alternative embodiment of a centrifuge unit of the present 
invention. 

[0032] pig. 14 is a cross-sectional view like that of Fig. 2 of an 

alternative embodiment of a centrifuge unit of the present 

invention. 
Detailed Description 

[0033] a pressure-balanced, loopless, sealless separation device 
according to the present invention is depicted in the at- 
tached drawings and identified by the general reference 
number 10 therein. Note, the processing of whole blood 
as the preferred composite fluid is described in the pre- 
ferred embodiments herein although other composite flu- 
ids may also be processed hereby. Red blood cells (RBCs) 
and plasma are the primary preferred components de- 
scribed as separated from whole blood herein, although 
processing for the collection of buffy coats, platelets or 
white blood cells, among others, may also be accom- 
plished herewith. 

[0034] a s shown for example in Fig. 1A in relation to a donor 11, 
a separation device 10 may generally include a motor base 
12 and a centrifuge unit 14 with a tubing system 16 hav- 
ing one or more tubing lines 18, 19, 20 (shown in solid 



lines) and associated collection or storage reservoirs or 
bags24. These primary component parts and a few op- 
tional tubing lines and associated optional components 
which are shown in dashed lines in Fig. 1A and in solid 
and dashed lines in Fig. IB will be further described be- 
low. Note, the option of using an anticoagulant (to be de- 
scribed in more detail relative to Fig. IB) would be pre- 
ferred, if not necessary in a direct donor draw like that 
shown in Figs. 1A and IB. However, the composite fluid 
source may be other than a live donor or patient such as 
the donor/patient 11 shown, and could be a bag or other 
composite fluid container. 
[0035] | n the preferred embodiment, the motor base 12, which 

may also be referred to as the drive portion of the separa- 
tion device 10, is preferably a table-top sized, simply 
transportable magnetic (or other drive-type) apparatus 
which in the magnetic embodiment creates a spinning 
magnetic field. The motor base 12 may create this spin- 
ning magnetic field by, for example, physically spinning 
or rotating one or more magnets disposed therein about a 
rotational axis defined vertically therethrough, or, the 
magnetic field could be created alternatively by charging 
one or more magnets, or electromagnetic coils, in a con- 



trolled rotational sequence as is known generally in the 
industry. Other alternative drive mechanisms which are 
preferably non-invasive, may also be used. 
[0036] | n any case, the centrifuge unit 14, which may also be re- 
ferred to as the centrifuge portion or part of the separa- 
tion device 10, is preferably a self-contained and dispos- 
able unit which readily mates with the motor base 12. A 
preferred, readily mating relationship is as follows. Motor 
base 12 is preferably a flat-topped device which gener- 
ates a spinning magnetic field that emanates out of the 
flat-top surface 13 thereof. Centrifuge unit 14 is then a 
preferably flat-bottomed unit which may be readily placed 
or simply set upon the flat-top surface 13 of motor base 
12 in operative relationship therewith. A preferably flat- 
bottomed surface 15 of unit 14 would thus be disposed in 
surface-to-surface contact with the top surface 13 of mo- 
tor base 12. In the preferred embodiments, this surface- 
to-surface contact relationship is preferably substantially 
horizontal. The axis of rotation (see description relative to 
Figs. 2, 3A and 3B, below) is preferably substantially per- 
pendicular to the flat-top surface 13 of base 12 and to the 
flat-bottomed surface 15 of unit 14 and would thus be 
substantially vertical in the preferred embodiments shown 



and described herein. 
[0037] As depicted in more detail in Fig. 2, the centrifuge unit 14 
generally includes an outer housing 30 and an internal ro- 
tor assemblage 40. In broad terms, the outer housing 30 
includes a bottom wall 32 (the exterior face of which be- 
ing the flat-bottom surface 15 described above), one or 
more circumferential walls 34, 35, and a top wall 36. Bot- 
tom, circumferential, and top walls34, 35 and 36 are 
preferably contiguous (after assembly with a rotor 40) and 
may at least partially be integrally conjoined or formed, 
although they may each be separately-formed elements 
which are subsequently joined. In either case, the walls 
preferably form a fluid-tight arrangement. A fluid inlet 
aperture 37a is preferably defined in the top wall 36, and 
two exit38a, 39a are preferably defined in, through and 
adjacent the lower circumferential wall 35. Respective in- 
let and outlet structures 37, 38 and 39 as shown are 
preferably used to define the respective apertures 37a, 
38a and 39a, although other forms could be used. The 
tubing system 16 and respective fluid storage containers 
22, 24 (not shown in Fig. 2) for example, are connected to 
the housing 30 as shown in Figs. 1A and IB (and in 
dashed lines in Fig. 2) via the connections of tubing lines 



18, 19 and 20 with the respective aperture structures 37, 
38 and 39 (tubings 18, 19 and 20 are the elements shown 
in dashed lines in Fig. 2). 

[0038] Also as shown in Fig. 2, a preferred rotor 40 has three 

general layers; namely, atop-most layer where the sepa- 
ration is accomplished, an intermediate layer 45 where 
RBCs are collected for movement to a storage container 
(or back to the donor 11), and a lower layer 47 for collec- 
tion of plasma. These layers will be described further be- 
low. Also note in Fig. 2 a piece of metallic material 50 is 
shown disposed within the lower layer 47. At least one 
such piece of metallic material 50 is preferably disposed 
therein to interact with the rotating magnetic field gener- 
ated by the base to spin the rotor 40 about the rotational 
axis 43 (see description below) within the substantially 
stationary housing 30. 

[0039] The top portion or layer 41 of a preferred internal rotor 40 
of centrifuge unit 14 is shown separately in more detail in 
Figs. 3A and 3B. In this embodiment, the top portion 41 
may also be known as the separation layer of the cen- 
trifuge unit 14. As depicted here, the top portion 41 
presents a fluid flow configuration preferably providing a 
fluid pressure drive and balance relationship for forcing 



fluid flow and improving interface control. Thus, the con- 
figuration includes a substantially central fluid receiving 
area 42 which is connected in fluid communication with a 
radial transport or inlet channel 44 via a radial inlet port 
44a defined thereby. Transport channel 44 runs preferably 
radially outwardly to a substantially circumferential sepa- 
ration channel The adjective circumferential is intended 
here to indicate the channel which is at or near the cir- 
cumference of the rotor 40, and traverses a path which is 
substantially circumferential there around, yet need not be 
of a constant radial distance from the rotor center. Trans- 
port channel 44 is open to and fluidly communicates with 
the circumferential separation channel 46. Circumferential 
channel 46 then runs from this intersection with the radial 
transport channel 44, substantially circumferentially 
around the periphery of rotor 40 to the separation and 
outlet regions 48, 49. Separation and outlet regions49 will 
be described in further detail below; however, it should 
first be noted that the circumferential separation channel 
46 is also in fluid communication therewith, and particu- 
larly communication with both of the two separate outlet 
channels 52, 54 defined here between the separation and 
outlet regions 48, 49. A preferably short continuation 



portion 46a of circumferential channel may be defined as 
continuing between the first outlet channel 52 and the 
second outlet channel 54 and providing fluid communica- 
tion therebetween. Outlet channel 52 then connects to an 
outlet aperture 56 and channel 54 similarly connects to an 
outlet aperture 58. These and other features are shown 
also in Figs. 4A-4C. For example, a cross-sectional view 
of the radial transport channel 44 is shown in Fig. 4A as it 
leads from the fluid receiving area 42 to the circumferen- 
tial channel 46. Fig. 4B shows a cross-sectional view of 
the first outlet channel leading radially inwardly to the 
first outlet aperture 56, and Fig. 4C shows a cross- 
sectional view of the second outlet channel 54 as it leads 
also radially inwardly to the second outlet aperture 58. 
[0040] As depicted primarily in Figs. 3A and 3B, as well as in the 
various cross-sections of Figs. 4A-4C, the respective inlet 
receiving area 42 and channels 44, 46, 52 and 54 are 
preferably defined by substantially vertical walls, such as 
the peripheral wall 62 which defines the receiving area 42, 
the radial walls 64, 65 which define the radial transport 
channel 44, the respective inner and outer, substantially 
circumferential walls 66, 67 defining the circumferential 
channel 46, first outlet channel walls 72, 73 defining the 



first outlet channel 52 and the second outlet channel walls 
74, 75 which define the second outlet channel 54. A por- 
tion of wall 74 in the area where it is opposed to outer 
circumferential wall 67, taken together with that opposed 
portion of wall 67, define the preferably short continua- 
tion portion 46a of circumferential channel 46 as located 
between the two outlet channels 52 and 54. Generally, 
adjacent walls are preferably coterminous with each other 
and may thus meet at corner edges, such as the corner 
edge 76 disposed between adjacent walls 64 and 66 at 
the intersection of radial channel 44 with circumferential 
channel 46. Otherwise, adjacent walls may more prefer- 
ably merely blend into each other or meet in a graduated 
merging fashion such as that shown for the meeting of in- 
ner circumferential wall 66 with the first outlet channel 
wall 72 as they lead into and eventually define the first 
outlet channel No identifiable border need exist here be- 
tween. A substantially common floor 70 may also define 
the bottom boundaries of the inlet area 42 and the re- 
spective channels 44, 46, 46a, 52 and 54. 
[0041] An overhanging lip or ledge 60 is preferably also disposed 
in and around the inlet fluid receiving area 42 to retain 
fluids within area 42 as will be described further below. 



This feature is best shown in Fig. 3C, but is also depicted 
in Figs. 2, 3A, 3B and 4A-4C. Overhanging lips of this sort 
may also be disposed on or over other walls covering 
other fluid passageways or channels (not shown) as may 
be desired. Further descriptions of such alternatives will 
become more apparent below. As another alternative, a 
covering ceiling (not shown in Figs. 1-5; but see Figs. 6 
and 7A, 7B) can be attached over the respective channels 
and/or a substantial portion of the inlet receiving area to 
retain the fluids there within. An example of such a ceiling 
is shown and described with respect to the alternative 
embodiment of Figs. 6 and 7A, 7B which include a ceiling 
80 therein, see below. 
[0042] Returning now to Fig. 1A, a general description of the 
preferred blood and blood component flow paths, when 
device 10 is used for the separation of blood into compo- 
nents, will now be described. First, as shown here, whole 
blood is drawn from the donor 11 (or other source, e.g., a 
bag of blood) and flows through tubing line 18 to the top 
of the centrifuge device 14. If as shown in Fig. 1A, and as 
preferred, no pump is used along line 18, then tubing line 
18 will be connected to the top of device 14 in a sealed 
but, preferably non-rotating seal fashion. Briefly, also 



shown in this Fig. 1A depiction, are the other tubing lines 
19, 20 of tubing system 16 which display the exit flows 
from the centrifuge device 14 of the separated blood 
components; namely, red blood cells (RBCs) flowing 
through tubing line 19 for collection in container 22, and 
plasma flowing through tubing line 20 for collection in 
container The alternative tubing line flow paths shown in 
dashed lines in Fig. 1A and solid and dashed lines in Fig. 
IB will be discussed below. Other alternatives such as 
drawing the composite fluid, like blood, from a non-live 
donor, i.e., from some other fluid reservoir, will also be 
discussed below. 
[0043] Turning to Figs. 2-5 (primarily Figs. 3A, 3B and 5), the 

flows in and through the centrifuge unit 14 of the separa- 
tion device 10 will now be described. Whole blood from 
the donor 11 flows from the tubing line 18 down into the 
centrifuge unit 14 through the inlet aperture 37 defined in 
the top wall 36 of centrifuge unit 14 and is initially re- 
ceived in the fluid receiving area 42 of the separation 
layer 41 of the rotor 40. While in the receiving area 42, 
the blood is exposed to centrifugal forces when rotor 40 
is spinning (which the rotor 40 is preferably doing at all 
times when blood is being introduced into or is otherwise 



resident within centrifuge unit 14). Note, the initial expo- 
sure of blood to the centrifugal forces is enhanced if the 
inlet aperture 37 is eccentrically disposed relative to the 
axis of rotation 43 (see Figs. 2 and 3A where axis 43 is 
shown as a dot-dash line, and see Figs. 3B and 5 where it 
is shown as a crosshead indicating the perpendicularity 
thereof relative to the drawing sheets of Figs. 3B and 5). 
Under the centrifugal forces of the spinning rotor 40, the 
blood is moved to the periphery of the receiving area 42 
and is thus generally moved into contact with the wall 62 
which defines the receiving area 42. As can then be seen 
from Fig. 3C, the whole blood (identified generally therein 
by the reference number 100) is preferably held vertically 
within the receiving area 42 by the overhanging lip 60. 
The blood 100 may also take on a quasi-parabolic shape 
under a lip such as is shown in Fig. 3C when subjected to 
the centrifugal forces of a spinning rotor 40. 
[0044] a s shown in Figs. 3A-3C and Fig. 5, a continuous flow of 
the whole blood 100 will then escape from the fluid re- 
ceiving area 42 into the radial channel 44. This blood will 
then travel radially outwardly toward and then flow into 
the circumferential channel 46. Flow arrows are provided 
in Fig. 5 to show the direction of flow throughout the pre- 



ferred centrifugation configuration therein. This flow then 
continues on around the circumferential channel 46 for 
ultimate passage out of the separation layer 41 through 
the outlet apertures 56 and 58. First, it should be noted 
that when the centrifuge rotor 40 is spinning (again, as it 
preferably will be whenever blood is disposed therein), 
this will impart centrifugal forces on the blood which will 
then separate into at least two primary components; 
namely, red blood cells (RBCs) and plasma. The heavier 
phase RBCs will settle outwardly under these centrifugal 
forces, and will thus accumulate, in a still continuously 
circumferentially flowing fashion, against or adjacent 
outer wall 67 of channel 46. This action is shown in detail 
in Fig. 5, wherein both the radial and the circumferential 
flows are indicated with arrowheads in the respective 
channels 44, 46, 52, and 54. The RBCs are identified gen- 
erally by the reference number 102 in Fig. 5, and the 
plasma is similarly identified generally by the reference 
number Also, it should be noted that component separa- 
tion will likely generally occur, as shown in Fig. 5, 
throughout the travel of the blood around the circumfer- 
ence of the separation layer 41 within the circumferential 
channel 46. For this reason, the circumferential channel 



46 may also be referred to as the separation channel. 
Moreover, a generally counterclockwise flow pattern 
shown by the arrows within the channel 46 in Fig. 5 is 
shown however, this is not intended to be limiting as 
clockwise flows are also foreseeably operable. Similarly, a 
clockwise rotation of the rotor 40 as indicated by the large 
arrow 105 in both Figs. 3B and 5 is also shown, particu- 
larly in combination with a counterclockwise flow pattern 
of the fluid in and through the rotor 40 (as described 
above), although rotation in the opposite direction is 
again foreseeable with or without a counterclockwise flow 
in rotor 40. 

[0045] Even though the flow in and through the circumferential 
channel 46 is where a substantial part of the separation 
takes place such that the RBCs are forced toward the out- 
side wall 67 (see Fig. 5), the fluid flow (as well as the fluid 
separation) is nevertheless preferably continuous 
throughout. In other words, the inlet flow of whole blood 
is preferably continuous as are the outlet flows of plasma 
and RBCs. This flow continuity is preferably driven by the 
relative off-set "heights" of the inlet and outlet ports 
44a,and 58 as will now be described in more detail. The 
term "heights" is used here in a fluid static, dynamic, and/ 



or fluid pressure-balance sense for referring to various 
fluid distances measured from a common though gener- 
ally arbitrary baseline such as the outer fluid flow separa- 
tion channel circumference of the centrifuge separation 
layer 41 radially inwardly toward the axial center 43. 
However, though the inlet and/or outlet positions or 
"heights" are measured on a radial, each such channel 
need not be in a radial disposition. Circuitous flow chan- 
nels not adhering to radial dispositions are available 
within these relationships as well. More specifically, the 
height of the radial transport inlet port 44a of channel 44 
is the height, or represents the relative radial position of 
the inlet port 44a of the channel 44, also designated as i 
in Figs. 3B and 5 from the peripheral channel wall 67 to 
the inlet port 44a. The outlet port heights are similarly the 
relative lengths or represent the relative radial outlet po- 
sitions of the outlet flow channels 52, 54 and are desig- 
nated h 2 and h 3 , respectively in those same Figs. 3B and 
5. Then, for a fluid to be able and/or driven to flow from 
the inlet toward the outlets, the inlet fluid static pressure, 
P 1 9 1 n 1 » m tne transport channel 44 must be greater than 
either of, or in some embodiments, at least the larger of 
the two outlet fluid static pressures, p q h and p g h . (p 



is the fluid density, g (i is the gravitational or centrifu- 
gal acceleration quantity and (i 2 is the relative fluid height 
of each channel as described above). Thus, for the pre- 
ferred positive flow in the direction of the arrows in Fig. 
5;pgh > p g h orpgh > p g h (Equation 1). 

K l a l 1 K 2 a 2 2 K r*l 1 K 3 a 3 3 M 

[0046] Furthermore, though accurate as a generalized concept, 
this summarization is both subject to simplification and/ 
or may in other ways be somewhat over-simplified. The 
primary invention selectable driving values are the respec- 
tive h quantities as have been distinctly defined above. 
However, even though the respective g gravitational ac- 
celeration values are more purely non-constant variables 
(as depicted by the subscripts 1, 2 and 3 therein), particu- 
larly in view of the large centrifugal forces applied in the 
present system and the different radial lengths of each 
column, these may be nevertheless considered substan- 
tially similar values. Moreover, particularly when consider- 
ing the driving variable relationships herein under practi- 
cal consequences (the h's and p's will vary more widely); 
the g values may be considered as substantially equivalent 
values throughout the above equation for each of the 
above pressure values (at least when operating within a 
substantially common centrifugal force field as well as the 



common gravitational field presented in a single latitude 
and altitude relative to the earth). In other words, the dif- 
ferences between the different g values are small enough 
such that the selection of the respective h values will ac- 
commodate them in the desired centrifugation configura- 
tion. Similarly, though the p will likely provide greater dis- 
tinctive differences for each term in this formula, the rela- 
tive h values may be chosen to accommodate for these 
also. Note however, these p are dependent on the fluids 
flowing herein and are not as amenable for selecting or 
for establishing the desired configuration. In blood sepa- 
ration, the first p value, in P 1 9 1 n 1 » is the density of the 
fluid in the transport channel 44; here of whole blood be- 
fore separation, whereas, the second and third p values, 
appearing in P 2 9 2 n 2 and P 3 9 3 n 3 > represent the respective 
densities of the fluids in the two outlet channels 52, 54; 
here of the separated blood components, plasma and 
RBCs. Moreover, the second p value, in P 2 9 2 n 2 > includes 
both a plasma and an RBC component, such that the pres- 
sure term p g h is actually the sum of an p g h 

K 2 a 2 2 7 RBC RBC i 

value and an p g (h -h ) value. The h value is 

plasma plasma 2 i i 

shown in Fig. 5 as the height of the interface of the sepa- 
rated RBCs 102 with respect to the separated plasma 104 



in or adjacent the outlet channel The interface between 
the RBCs and plasma is identified by the general reference 
number 106 in Fig. 5. Thus, the hydraulic pressure term 
for the plasma outlet channel 52 is the sum of the above 
interface related values asinpgh=p g h+p 

r 2 3 2 2 RBC RBC i 

g (h -h ). The terms for use in the selection of 

plasma plasma 2 i 

respective heights for creating the preferred positive di- 
rection flow according to Equation 1 are thus defined. 

[0047] still further, it is the location of the interface 106 between 
the RBCs and the plasma which is, according to the 
present invention, sought to be controlled such that the 
height, h , thereof remains within a certain preferred 
range as the interface 106 meets with wall 72 of the 
plasma outlet 52. This height, h , of interface 106 will thus 
preferably be so maintained by the pre-selection of the 
respective heights and h 3 so that they are related to 
each other such that the fluid pressure values of P 2 9 2 n 2 
and P 3 9 3 n 3 ( as generally introduced relative to Equation 1, 
above) are equal to each other, i.e., 

[0048] p g h = p g h (Equation 2). 

K 2 3 2 2 K 3 3 3 3 M 

[0049] This then provides a hydraulic or hydrostatic pressure 

balance to maintain the interface at a substantially static 
height. But note here also, the p value in this P 2 9 2 n 2 nas 



both an RBC and a plasma component such thatp 2 g 2 h 2 is 
again the sum of a p g h and a p g (h-h)(h 

3 RBC RBC i plasma 3 plasma 2 i i 

again being the height of the interface, as shown in Fig. 
5). And, Equation 2 becomes more particularly, 
[0050] pg h=p g h+p g (h-h) = p g h = 

r 2 3 2 2 RBC RBC i plasma 3 plasma 2 i RBC RBC 3 

P 3 g 3 h 3 (Equation 3). 
[0051] Moreover, the fluid pressure terms pgh may be more ac- 
curately be considered as summations (e.g., I(pgh) ) of 

n 

contributing parts whether of unit parts of the length 
(e.g., where the density of a constant fluid may exhibit 
variation along the length or height of a column; summa- 
tion or even integration may be used herewith) or when 
perhaps multiple fluids more accurately contribute to the 
pressure in a given column. As a first example, the first p 
value, in P 1 9 1 n 1 » m ^y include both a whole blood and an 
RBC component, such that the pressure term P 1 9 1 n 1 m ^y 
actually be the sum (I(pgh) )ofanp g h. value and 

1 RBC RBC i 

an p g (h -h ) value. The h value is shown 

whole blood wholeblood 1 i i 

in Fig. 5 as the height of the interface 106 of the sepa- 
rated RBCs 102 with respect to the separated plasma 104 
in the peripheral channel 50. Thus, the hydraulic pressure 
term for the inlet channel 44 may be the sum of the above 
interface related values as in 



[0052] pg h=pgh+p g (h-h). 

r l 3 l 1 RBC RBC i wholeblood wholeblood 1 i 

[0053] The terms for use in the selection of the respective 

heights for creating the preferred positive direction flow 
according to Equation 1 may thus be more fully defined. 
For example, Equation 1 can approach: 

[0054] z(pgh) i > Z(pgh) 2 , or, Z(pgh) i > Z(pgh) 3 . 

[0055] Similarly, the second p value, in P 2 9 2 n 2 > includes at least a 
plasma and usually also an RBC component, such that the 
pressure term P 2 9 2 n 2 is actually the sum (I(pgh) 2 )of an p 
g h value and an p g (h -h ) value. Thus, 

RBC RBC i plasma plasma 2 i 

the hydraulic pressure term for the outlet channel 52 is 
the sum of the above interface related values as in 
[0056] pg h=p g h+p g (h-h). 

r 2 3 2 2 RBC RBC i r plasma 3 plasma 2 i 

[0057] Note, the P 3 9 3 n 3 pressure term in these equations could 
also be thought of in composite parts; however, as shown 
and described it will generally have only one component 
fluid (the heavier phase separated component) and thus 
may be thought of more generally (for example using an 
average g value and an average p value to arrive at a sin- 
gle pq value such as p q for separated RBCs. 

a Ka RBC RBC ^ 

[0058] Note, in the preferred situation where pqh >pqh or 

r 1 r 2 a 2 2 

pqh and where pqh = p q h , the flow dynamics 

r 3 3 3 2 2 2 3 3 3 



here will be such that in any event where any part of any 
term changes, the selected relationship will bring the 
pressure terms as a whole back or automatically readjust 
to equalization. Thus, if for some reason p 3 were to 
change (e.g., become lesser or greater) during operation, 
then flows will change such that the interface h will move 
to counteract this change. In an example if the p 3 were to 
become greater such that the P 2 9 2 n 2 term would tend to 
grow in value, then the P 3 9 3 n 3 term would tend to grow, 
likely by flowing faster (or likely at least not at its previous 
rate) and gain by raising the interface, e.g., the h term in 
the previously established relationship: p g h = p g 
h + p g (h -h ) As another example, if the 

RBC i plasma plasma 2 i 

less dense component (e.g., plasma) lessens at any time, 
it will get preferential flow out of one port (e.g., the 
plasma port), and the heavier component (e.g., RBCs) will 

slow or not flow until the p g h term increases as de- 

k 2 » 2 2 

scribed above, e.g., when the h term rises sufficiently. 

i 

Moreover, all three columns will go toward equalization in 
a no-flow situation (e.g., the r^ will drop to a level 
(particularly if no further fluid supplies the inlet channel 
44) such pgh = p q h = pqh ;at which point flow 

r l 3 l 1 r 2 3 2 2 r 3 3 3 3 

will be stopped. This provides an automatic flow stop or 



shutoff feature when supply of composite fluid in contain- 
ment area 42 is extinguished (the heights will then gener- 
ally assume a relationship such as n 2 > n x > n 3 )■ ln anv 
event, these relationships will tend to drive toward an 
equalization, even if flow in one or more of the columns 
stops for a period; and the terms may not always be 
equal, but they will equalize. 

[0059] | n a || 0 f these cases then, the configuration selectable val- 
ues are preferably the h values. The particular fluids to be 
and consequently separated dictate the p values, and the 
g values are governed mainly by the centrifugal forces ap- 
plied to the system. Thus, when deciding the size and rel- 
ative configuration of the desired centrifugation system, 
the selectable values are the inlet channel length h rela- 
tive to outlet channel lengths and h 3 ; as well as the rel- 
ative outlet lengths and 3 to each other according to the 
above Equations 1, 2 and 3. 

[0060] Control over interface 106 using Equations 2 and 3 pro- 
vides a distinct advantage. First, if interface 106 were not 
so controlled, it could fall either radially outwardly below 
the extent of wall 73 such that separated plasma would 
spill into the RBC outlet channel 54 and undesirably dilute 
the RBC product flowing out outlet 58. Or, the interface 



106 could alternatively, ride too high, radially inwardly, 
along wall 73 such that a buffy coat component and/or 
RBCs could spill into the plasma outlet 56. The "buffy 
coat" blood component, as known in the art, generally 
rides on the interface 106. The buffy coat generally in- 
cludes platelets and white blood cells therein. And, if the 
interface 106 is not controlled or maintained a sufficient 
distance from either of the outlets 56, 58, then these 
buffy coat blood components could spill into and contam- 
inate either of the RBC or plasma products. White blood 
cells (WBCs) are particularly unwanted in both RBC and 
plasma products due to the possible contamination of 
such white blood cells with certain undesirable pathogens, 
including HIV viral contamination, for example. However, 
because centrifugal separation will less effectively sepa- 
rate WBCs from RBCs, the WBCs are more likely to be ad- 
dressed separately relative to the RBCs with a post- 
centrifugal filtration. In other words, the present inven- 
tion, like other centrifugal separation systems, will most 
likely not sufficiently leukoreduce red blood cells. Rather, 
although the buffy coat including the WBCs will preferably 
ride on the RBC layer, they will not likely be sufficiently 
separated from the RBCs here so as to produce a leukore- 



duced RBC product. However, the buffy coat including 
WBCs can be sufficiently centrifugally separated from the 
plasma product by the present invention so long as the 
height of the interface h is sufficiently controlled as 

i 

taught herein. 

[0061] Nonetheless, once the whole blood 100 has traveled 

through the separation channel 46 and has been sepa- 
rated into components, particularly into RBCs 102 and 
plasma 104, then these components 102 and 104 will 
flow out through their respective outlets, namely outlets 
58 and 56. Again, as this is a continuous flow process, the 
whole blood 100 continuously flows into the centrifugal 
configuration, particularly the separation portion 41 of 
centrifuge unit 14, and blood components 102 and 104 
are continuously separated therein and continuously flow 
out of the centrifugal configuration separation portion 41 
of centrifuge unit 14 through the outlets 58 and Then, for 
the further description of the flow process from these 
outlets forward, reference is turned again to Figs. 4B and 
4C which show one preferred embodiment providing for 
the collection of the separated blood components from 
the separation layer outlets56 and moving or otherwise 
allowing for the movement of these components out of 



the centrifuge unit 14 and separation device 10. 
[0062] Specifically, Fig. 4B shows an embodiment wherein the 
plasma outlet 56 leads to an exit passageway 57, which, 
in this embodiment, first extends substantially vertically 
downwardly through the rotor 40 until it reaches the 
lower layer 47, and then it extends radially outwardly to 
and through the exterior surface of the lower layer 47 of 
the rotor 40. This substantially L-shaped passageway 57 
thus provides fluid communication from the outlet 56 to 
the lower interior circumferential channel 31 of the hous- 
ing 30. In this way then, fluid passing through outlet 56 
then flows through passageway 57 and then empties from 
the rotor 40 into the rotor housing 30 within the lower 
channel 31 thereof. Lower channel 31 is then also in fluid 
flow communication with the outlet 38 which thereby al- 
lows for fluid flow out of housing channel 31 into and 
through outlet 38, and from there, into and through tub- 
ing line 20 ultimately up to fluid container 24 (see Fig. 
Note, in the embodiment shown here, the fluid preferably 
retains an amount of kinetic energy imparted thereto by 
the spinning centrifuge, and this kinetic energy may be 
effectively converted into a fluid flow pressure which can 
force a non-centrifugal flow of the fluid in and through 



the tubing line 20, and a further flow even upwards, 
against the pull of gravity, into a hanging storage bag 24. 
The components involved in causing this action; particu- 
larly the lower layer 47 of the rotor 40, and the channel 
3 1 of the housing 30, may thus be referred to as a pump 
of a centrifugal or vortex type. Note, bag 24 need not be 
hung above separation device 10, but may be hung on a 
level with or even below device 10. The quantity of kinetic 
energy thus required (if any) to be maintained can thus be 
a function of such receptacle location as well as the length 
of travel thereto, among others. 
[0063] Similarly, as shown in Fig. 4C, the RBC outlet 58 leads to 
an exit passageway 59, which in the embodiment shown 
here, first extends downwardly through the rotor 40 until 
it reaches the intermediate rotor layer 45, and then it ex- 
tends radially outwardly to and through the exterior sur- 
face of the rotor layer 45. Thus, as above, this RBC pas- 
sageway 59 provides fluid communication from the RBC 
outlet 58 to an intermediate interior circumferential chan- 
nel 33 of the housing 30. Fluid then passing through out- 
let 58 flows through passageway 59 and then empties 
from the rotor 40 into the intermediate channel 33 within 
the rotor housing 30. Channel 33 is then also in fluid flow 



communication with the RBC outlet 39 thus allowing for 
fluid flow out of channel 33 into and through outlet 39, 
and from there, into and through tubing line 19 ultimately 
up to fluid container 22 (again, see Fig. 1A). Moreover, as 
was true above, the fluid reaching the interior channel 33 
preferably retains an amount of kinetic energy imparted 
thereto by the spinning centrifuge, and this kinetic energy 
may here also be effectively converted into a fluid flow 
pressure which can cause or force a non-centrifugal flow 
of the fluid in and through the tubing line 19, and even 
up, against the pull of gravity, into a hanging storage bag 
22. The components here too involved in causing this type 
of action; particularly the intermediate layer 45 of the ro- 
tor 40, and the channel 33 of the housing 30, may thus 
also be referred to as a centrifugal or vortex type of 
pump. Here also, bag 22 need not be above device 10 but 
could be on a level with or even disposed there below. The 
amount of kinetic energy thus required (again, if any) can 
thus be dependent on such receptacle disposition and the 
relative distance therefrom, among others. 
[0064] Several important advantages are achieved with a device 
such as that shown and described herein. A first such ad- 
vantage is the elimination of numerous control elements 



which were often required in previous centrifugal separa- 
tion systems. For example, the hydraulic pressure-bal- 
anced interface controls shown and described here elimi- 
nate the need for optical or other feedback loop interface 
control elements. The present pressure-balance controls 
are also substantially independent of the blood hematocrit 
and relative flow rates of the inlet and outlet fluids. This 
eliminates the need for complex flow rate calculations and 
pump controls therefor (i.e., eliminates computer calcula- 
tions and multiple flow control pumps; in various conven- 
tional embodiments, multiple pumps, inlet and outlet, 
have been required to be maintained in dynamic control 
relationship with each other constantly by computer in or- 
der to provide proper interface control). Thus, at the least, 
no inflow pump is required here, and blood may instead 
be gravity drained/fed into this separation device. The 
lack of an inflow pump and use of a magnetic or an other- 
wise non-contact drive mechanism further eliminates the 
need for a rotating tubing loop. This serves to greatly re- 
duce the quantities and sizes of the mechanical compo- 
nents (tubing loops in rotating loop systems generally 
dictate the minimum mechanical element requirements 
and size), and thus also allows for an overall reduction in 



scale of the separation device as a whole. A gravity feed 
system (no inflow pump) also eliminates any need for a 
rotating seal at the inlet connection of the inflow line to 
the separation device. This greatly reduces complexity 
and a large potential for operational failure. Also, the ro- 
tor and housing combination are easily made in a totally 
closed system which can be simply sterilized and can be 
completely disposable, particularly if non-invasively 
driven by a rotational magnetic motor as described herein. 
The reduced scale and mechanical complexity contribute 
to the disposability benefits as well. 
[0065] a further advantage can be realized in the output product 
quality. In particular, a virtually constant maximum hema- 
tocrit may be obtained for all resultant red blood cell 
products because the presently described separation de- 
vice may be operated within a range of revolutions per 
minute (RPMs) at which the product hematocrit does not 
substantially vary. For example, the present invention may 
be operated at high speeds of a few to many thousands of 
RPMs, speeds which are heretofore not achievable for var- 
ious reasons (e.g., drive mechanism or rotating seal prob- 
lems at such high speeds). And, at such speeds, virtually 
all RBCs will be separated out from the input whole blood, 



thus yielding an RBC product with the highest available 
hematocrit. Note, the highest available hematocrit is a 
number above 80 % and less than 100 % and which ap- 
proaches a substantially constant asymptote which is in 
the area of approximately 90 or 95 %. At speeds in the 
range of high RPMs, the resulting hematocrit is virtually 
equivalent to the asymptotic maximum throughout that 
range. At much lower speeds (e.g., below 3000 RPMs), the 
resulting hematocrit may significantly diverge from the 
asymptotic maximum. 
[0066] Referring once again to Figs. 1A and IB, a few basic alter- 
natives will now be addressed. First, the use of an antico- 
agulant (AC) may be preferred and particularly is preferred 
when a direct connection to a donor 11 is made as shown 
in Figs. 1A and IB. Note, the present invention may be 
used in a process (not shown) to separate previously col- 
lected composite fluids, like blood, without the need for 
anticoagulant addition (in the case of previously collected 
blood; such blood will very likely already have an antico- 
agulant added thereto, and thus does not require addi- 
tional quantities thereof)- Thus, an anticoagulant con- 
tainer 110 is shown in dashed lines in Fig. 1A, and in solid 
lines in Fig. IB, as it might be incorporated into the over- 



all system. In particular, the anticoagulant container 110 
may be connected to a tubing line 112 which is in turn 
connected to a manifold 115 disposed in fluid communi- 
cation with the blood inlet line 18 (all shown in solid lines 
in Fig. IB). Such a manifold connection is known and used 
frequently in this field of art. The anticoagulant may then 
be allowed to free-flow into the tubing line 18, such free- 
flow being controlled by careful selection of the inside di- 
ameter of the AC tubing line 112, or additionally and 
more preferably, an anticoagulant pump 140 (dashed lines 
in Fig. IB) may be used to control the inflow of AC into 
the inlet line 18. Peristaltic pumps for this purpose are 
well known in this field (as are other pump types; e.g., lin- 
ear piston plunger pumps, among others). A scale 136 is 
depicted in Figs. 1A and IB to demonstrate one version 
among a plurality of known alternatives which may be 
used to ensure accurate AC feeding into the system. 
[0067] Another basic alternative available with this invention in- 
volves the optional return of certain separated blood 
components back to the donor, rather than retaining 
these in the collection reservoirs 22, 24. An example em- 
bodiment for returning a quantity of either (or both) sepa- 
rated RBCs and/or separated plasma back to the donor 11 



is also shown in Fig. 1A in dashed lines and in solid lines 
in Fig. IB. In particular, three return tubing lines are 
shown such that a first such tubing line 120 is connected 
to an outlet port in RBC bag 22, a second tubing line 122 
is similarly connected to an outlet in plasma bag 24, and a 
third tubing line 124 connects both of return lines 120 
and 122 with the manifold 115 described above. A Y- 
shaped connector 125 may be used to connect Iinesl22 
with line 124. Then, if and/or when during a separation 
procedure it may be desired to return a quantity of a sep- 
arated component (RBCs or plasma) to the donor 11, the 
desired component may then be allowed to flow out of its 
respective container 22 or 24, through its respective re- 
turn line 120 or 122, through the Y connector 125, 
through the common return line 124, into and through 
manifold 115, then back toward and into the donor 11 
through the donor line 18a. 
[0068] Accomplishment of these particular flows may simply in- 
volve gravity drainage of the desired blood component 
from its collection/storage bag 22 or 24, and/or it may 
involve the use of one or more pumps, preferably of the 
peristaltic type, for example, see pump 142, respective to 
line 124 in Fig. IB (dashed lines). Thus, respective pumps 



may be engaged with each return Iinel22 (not shown) 
and/or with line 124 (pump 142), and then may be acti- 
vated at a desired operational point to pump the desired 
separated blood component out of its reservoir and 
through the respective tubings, and back into the donor 
11. Various clamps or other flow stoppage mechanisms 
(not shown) may also be used and variously engaged with 
any one or more of these tubing lines depending upon 
which fluid component is to be returned or not, as the 
case may be. For example, if RBCs are to be returned, 
then a clamp or other flow stopping mechanism may be 
engaged with the plasma return line 122, as well, for ex- 
ample, as engaging if desired such a flow stopping mech- 
anism on the main tubing line 18 (and on the AC line 112 
if such is being used). Then an RBC flow may be estab- 
lished through the RBC return line 120 back to the donor 
11. Note, the use of the bags24 might provide for an air 
or bubble trapping effect (as is known in the art) prior to 
return to the donor/patient 11. 
[0069] Other variations abound. For example, lines 120 and 122 
may each reach to the manifold 115, thus eliminating the 
intermediate return line 124 and Y connector Also, these 
return lines (with or without an intermediate line 124) may 



be run to a second needle (not shown) to alleviate concern 
for altering (e.g., stopping or clamping) flow through main 
line 18 for periods or modes of blood return. Another ex- 
ample may include the use of an intermediate reservoir 
(not shown), for example, at the connection of the return 
Iinesl22 to the intermediate line 124 (e.g., at the location 
depicted by, and in lieu of, the Y-connection mechanism 
125). Such a reservoir could fulfill several goals, as for ex- 
ample, providing an air or bubble trap (as is known in the 
art) prior to return of components to the donor/patient 
11. This may be a redundancy to bags 22, 24 or could re- 
move air perhaps introduced by such bags 22, 24, or such 
an intermediate reservoir could provide a sort of holding 
capacity in a single needle system such that separated 
components may be accumulated therein until a certain 
amount is achieved at which point an automatic (or man- 
ual) control mechanism could switch on a pump 142 to 
activate a return cycle for return of the accumulated com- 
ponents to the donor/patient 11. As above, such a switch 
could also entail a clamping of the inlet flow line 18, or 
perhaps this inlet flow may remain undisturbed during 
such a return cycle. 
[0070] such an intermediate reservoir might also be useful with a 



further alternative embodiment shown in dashed lines in 
Fig. IB; the use of optional direct tubing connections from 
the separated component outlets to the donor return 
lines. See in particular branch connection lines 121 and 
122 in Fig. IB (dashed lines). Note, these connection lines 
may merely flow back to the donor without being con- 
nected to an outlet line from the respective reservoirs. A 
flow or flows of separated components can thus be di- 
verted back to the donor 11 prior to being accumulated in 
either respective collection storage bag Such directed 
flow(s) could then run through the respective return line 
120 and/or 122 into and through Y-connector 125 and 
back to the donor 11. Or, these diverted flows could be 
captured by the above-described intermediate reservoir 
(not shown) and accumulated prior to return as described. 
Further optional features which could be used herewith 
include the switch valvesl52 (shown in dashed lines in 
Fig. IB) on the separated component outlet lines 19, 20 
and/or coactive also with the branch connecting 121, 123. 
Switch valve mechanisms 150, 152 can be used to divert 
flow from the main outlet lines 19, 20 directly back to the 
donor/patient 11. For example, the switch valve 150 can 
be used either to close off a branch line connection 121 



so that flow continues from line 19 into bag 22 or to close 
off flow through the upper part 19a of RBC outlet line 19 
and thereby divert flow through branch line Flow through 
branch line 121 then connects to return line 120 and from 
there goes back to the donor/patient 11 through connec- 
tor 125, line 124 and manifold 115. As above, an inter- 
mediate reservoir could catch such a re-directed flow and 
trap bubbles therefrom and/or hold it until a return cycle 
is called for. Otherwise, particularly in a two needle set- 
up, the flow may be substantially continuously directed 
back to the donor/patient A similar action may be created 
by the switch valve 152 which may close off a branch line 
123 to maintain flow from line 20 to bag 24, or switch 
valve 152 may be directed to close off the upper part 20a 
of line 20 and thereby open up flow to and through 
branch connection line 123. Flow through line 123 may 
then connect with return line 122 and flow from there 
goes back to the donor/patient 11 through the Y- 
connector 125 (or the not-shown intermediate reservoir), 
line 124 and manifold 115 to the donor/patient part 18a 
of line 18 for return of the components to donor/patient 
11. Lines 120 and/or 122 may then be preferably dis- 
posed clamped closed (not shown) above the branch con- 



nections 121 and/or 123 or may simply be not connected 
to the outlets of bags 22 and/or 24 contrary to the alter- 
native which is shown in Fig. IB. 
[0071] Another consideration is that these manipulations, i.e., 
clamping certain lines and/or initiating certain flows 
whether by pump or otherwise, may be performed manu- 
ally by a human operator (albeit with certain instructions 
and/or following certain hierarchical processes), or may 
be performed by a control device (not shown), which may 
interpret certain input and/or sensed conditions and per- 
form the appropriate flow control actions therefor or in 
response thereto. Thus, if for example, a preferred quan- 
tity of a separated component (RBCs or plasma) is col- 
lected within a storage receptacle, but the other compo- 
nent has not yet reached its desired yield, then the control 
device may then divert the continuously accumulating ex- 
cess back to the donor 11, while and until the other com- 
ponent reaches its target yield so that both components 
may have been collected to preferred yields. This the con- 
trol device may accomplish by operation of machine-acti- 
vated clamps and/or peristaltic pumps at the appropriate 
points. Scalesl34, or other quantity measuring devices 
(not shown) may optionally be used to determine the 



quantities of separated components collected in the re- 
spective bags 22, 24. The scale derived quantities may 
then be used by either the human operator or the optional 
control device to determine which steps for continued 
collection or return may be desired. An optional scale 136 
(as introduced above) or other quantity measuring device 
may also be used in the optional AC administering sys- 
tem, such that it may, for example, provide feedback to a 
control device so that the control device may determine 
how much AC will be/has been delivered and thus 
whether and to what extent corrective flow measures 
(e.g., more or less pumping) may be necessary or desired. 
[0072] Note, as shown and described for the most part through- 
out this specification, the inlet to centrifugal separation 
device 10 and the outlets from device 10 have preferably 
not required external pumping means (the inlet through 
tubing line 18 is preferably gravity driven; and the outlet 
flows through tubing lines 19 and 20 preferably were 
driven by centrifugal energy retained in the fluid as it ex- 
ited the centrifuge separation layer 41 and/or may also be 
gravity driven). However, other motive means may be em- 
ployed for any/either of these flows as well. For a first ex- 
ample, a peristaltic or other fluid pump 144 (dashed lines 



in Fig. IB) may be used to draw blood from the donor/ 
patient 11 and feed the blood to the separation device 10. 
However, it should be noted that such an assist, if provid- 
ing much of an increase over a gravitational pull, will 
likely require the additional employment of an inlet seal 
which is not shown in the drawings. An example of such a 
seal could be a rotating seal, or it could take other forms 
and thereby require further mechanical inlet flow control 
means such as a loo - 2u) loop (described herein and 
though viable these alternatives are thus less desirable. 
Even so, the geometries of the centrifugal configuration as 
shown in the separation layer 41 and described herein- 
above, may still provide attractive advantages even in 
such more complicated alternatives. 
[° 073 ] Similarly, though centrifugal forces are preferred for mov- 
ing the separated components out of device 10, other 
motive means may be used here as well. As a first exam- 
ple (not shown but introduced above), the collection bags 
22, 24 may be disposed lower than the separation device 
10 and the separated components may then be gravity- 
drained thereto from device 10. The left-over kinetic en- 
ergy from the centrifugal process may or may not be used 
in an adjunct hereto. Another alternative involves the use 



of external pumps 146, 148 (dashed lines, Fig. IB) of 
preferably peristaltic or other alternative types to move 
the separated components from device through respective 
tubing lines 19, 20. Note, such pumps 146, 148 may also 
provide greater assistance with a few of the other Fig. IB 
alternatives described above. For example, they may pro- 
vide an advantage in using either of the branch connec- 
tions 121, 123 to divert separated component flow back 
to the donor 11. A positive force may be desirable and/or 
even necessary (e.g., when device 10 is disposed lower 
than donor 11) to move fluids back to the donor Thus, 
optional pumps 146, 148 may provide a desirable assist 
to any centrifugal (or vortex) pumping action if used as 
such, from device 10; or pumps 146, 148 may provide the 
sole driving force for drawing separated fluids from device 
10, moving them through respective tubing lines then 
through connections 121, 123 and then into and through 
lines 120, 122 back to the donor 11. Even if an intermedi- 
ate line 124 and a Y-connector 125 is used, pumps 146, 
148 may still provide the motive force for flow 
therethrough as well. Still further even, if an intermediate 
reservoir (not shown but described above) is used here, 
these pumps might yet move fluids there into and 



therethrough. However, with the use of such a potential 
intermediate reservoir, a further pump 142 on line would 
likely be preferred to draw fluids out of the intermediate 
reservoir and move these back to the donor 11 through 
line 124, manifold 115 and extension 18a. 
[0074] Turning now to a few slightly more divergent alternative 
embodiments, reference is first made to the cross- 
sectional view shown in Fig. 6. The primary distinction this 
centrifuge unit" has over that shown, for example, in Fig. 
2, is that the separation layer 41 in Fig. 6 has become the 
intermediate layer of the rotor 40" here as opposed to be- 
ing the top layer of the rotor 40 as in Fig. 2. The previous 
lower, plasma collection layer 47 (from Fig. 2) has now 
been flip-flopped up and disposed on top of the separa- 
tion layer 41 in this Fig. 6 embodiment, and the previously 
intermediate RBC layer 45 is now the bottom layer 45. 
Nonetheless, the functionality remains substantially the 
same in this embodiment as it was in the Fig. 2 embodi- 
ment with the single primary exception that the plasma 
exits upward out of the separation layer 41 as opposed to 
downward as in the Fig. 2 embodiment. Further, it is fore- 
seeable that the RBC layer 45 could be disposed on top 
instead of the plasma layer 47, which could then remain 



on the bottom, albeit then being adjacent the separation 
layer 41. Separated components still flow out of separa- 
tion layer 41 through respective outlet ports 56, 58, and 
then flow through respective L-shaped channels 57 and 
59 to dump into respective circumferential channels 31, 
33 of housing 30. Exits out of respective outlet structures 
38, 39 are formed also, as before; except that structure 
38, is formed within a distinctive upper circumferential 
wall 35a. Only a few further changes should be addressed. 
First, the magnetically reactive material is now preferably 
resident within the RBC layer 45, the new bottom layer in 
the Fig. 6 embodiment. And, an effective ceiling 80 (as in- 
troduced above) is now preferably included over all of the 
flow channels in the separation layer allowing only an up- 
ward exit through the plasma outlet 56. Though perhaps 
not necessary in a gravity-driven inlet scenario, the down- 
ward, inward portion 37b of the inlet aperture structure 
37 has been lengthened here to provide continuous inlet 
fluid guidance until the fluid actually reaches the fluid re- 
ceiving area 42 of the separation layer 41 of rotor 40". 
Note, aperture structure 37 is not shown axially off-set as 
in the previous preferred examples; however, it could be 
so off-set or not, as desired. 



[0075] a similar, yet perhaps more simplified alternative embodi- 
ment 14"is shown in Fig. 7A. Here also, the separation 
layer 41 of rotor 40"is intermediate the RBC and plasma 
layers 45", and 47". However, the exit passages 57", 59" 
shown in Fig. 3 (in dashed lines) and in detail in Figs. 4B 
and 4C have been substantially reduced/removed. In 
other words, the respective exit ports 56, 58 still provide 
for exit flow from the separation layer 41 as in the em- 
bodiment of Fig. with plasma exiting up through outlet 56 
and RBCs exiting down through outlet 58. Only in this Fig. 
7A embodiment, the respective outlet passageways 57" 
and 59" are no longer L-shaped and are extremely short 
by comparison with the passageways 57, 59 of Fig. 6. In- 
deed, the Fig. 7A passageway 57", 59" could be consid- 
ered coincident with and/or extending no further than the 
outlet ports 56, 58, themselves. 

[0076] Once separated components exit from the respective 

ports 56, 58 (and/or passage", 59"), the fluids are outside 
the rotor 40, but still in the housing 30; in particular, the 
separated plasma exiting up through port 56 (and pas- 
sageway 57") is then disposed in a space between the up- 
per housing wall 36 and the top of the rotor 40", this 
space being designated 31". Space 31" is analogous to the 



circumferential channel 31 of the Fig. 6 embodiment and 
is likewise a circumferentially disposed fluid receiving/ 
containing area which then communicates this fluid to the 
tangentially disposed exit structure 38 for removal of the 
fluid from the centrifuge 14". A similarly disposed fluid 
receiving/containing space 33" is established to receive 
separated fluids exiting port 58 (and passageway 59"), 
such as RBCs in the primary embodiment. 
[0077] Note, the embodiment in Fig. 7 A includes a ceiling 80 as 
introduced above, but also preferably includes a circum- 
ferential rib or ledge member 81 to help retain fluids dis- 
posed in respective receiving spaces 31' and 33'. An ex- 
tension of the concept behind the ledge 81 of Fig. 7A is 
shown in more detail in the alternative embodiment 
shown in Figs. 7B and 7C. In this embodiment the rotor 
40 m has upper and lower circumferential extensions 82 
and 84 which extend to greater radial lengths (measured 
from rotational axis 43) than the centrifugal separation 
channel 46. The primary advantage is in the heightened 
definition of the interior receiving channels 31' and 33' so 
that, as shown in even more detail in Fig. 7C, a separated 
fluid (RBCs, here) flows out of an outlet port, such as port 
58, and then flows radially outwardly (due either to the 



retained centrifugal energy maintained by the fluid, and/ 
or by action of the still rotating rotor'" to impart centrifu- 
gal forces on the exiting fluid with which it is still in con- 
tact through the rotor undersurface 85). Then, the fluid is 
moved, for the most part, into the tangential exit port, 
here port 39, e.g., however, not all of the fluid will imme- 
diately flow into the exit port. Some of the fluid will mi- 
grate through channel 33'and seep above extension 84 
and move within channel 33' radially inwardly back away 
from the exit port 39. The advantage here is in the ex- 
tending of the internal receiving channel 33' by the exten- 
sion 84 of the rotor 40"' and the consequent ledge adap- 
tation 81' of housing 30'" which accommodates this mi- 
gratory radial flow. In the circumstances, the rotor 40 m 
and the extension 84 continue to provide centrifugal 
forces to the fluid, thus maintaining a positive flow out 
through exit port 39 as well as establishing a limit on the 
radial inward creep of the flow above extension 84. This 
limit may also create a sort of head pressure which also 
acts to maintain the movement of the fluid radially out- 
wardly to and through the exit port 39. 
[0078] Also in this alternative arrangement, the pumping action 
may be referred to as a single-plate Tesla pump which is 



employed as shown in Figs. 7B and 7C. The RBC's (or 
plasma) exit the spinning rotor into a space between the 
rotor 40 m and stator or housing 30 m where only a small 
gap (~ 0.030 inches) is present. The small gap between 
the bottom surface 85 of rotor40 m and the housing 30 m 
ensures that the fluid continues to spin with the rotor 
40 m . The exact flow profile of the fluid depends on the 
specific relative geometry of the rotor and stator. When 
the fluid spins, large pressures are generated against the 
stator. An exit port 38 is positioned so that this pressure 
causes fluid to flow therethrough. 

[0079] An alternative rotor separation channel scheme is shown 
in Figs. 8 and 9. A challenge in implementing the RBC/ 
plasma device described herein involves the rotor weight 
balance. According to the preferred embodiments, the ro- 
tor is spinning when blood enters the system. Thus, a 
weight balance is preferably maintained whether the rotor 
is dry or loaded with blood. A first concept that more di- 
rectly addresses this is shown in Figs. 8 and 9. 

[0080] First, the single blood separation pathway 46 of the ini- 
tially described centrifugation configuration embodiments 
can be divided into tandem, opposing flow pathways 246a 
and 246b as shown in the separation layer 41' of Figs. 8 



and 9. The two flow paths 246a and 246b balance each 
other regardless of the material filling the flow paths, 
whether the materials are air, blood, or any other fluid. 

[0081] jo assist in equally dividing the fluid flow between the 

two flow paths, blood can be added to the system through 
port 37 away from the center of rotation (see the axis 43 
crosshead on Fig. 8). This alternative was also described 
above. Thus, the fluid will seek the nearest exit port. The 
two exit ports 244a' and 244b' are preferably rotating so 
during all inflows they will alternate in receiving the inflow 
from the single entry port 37. 

[0082] jo further encourage equal flow distribution, a septum 90 
can be added to the receiving cup The septum 90 prefer- 
ably extends across the cup 42 and effectively divides it in 
half with each half having a respective exit port 244a' and 
244b'. Thus, once the fluid enters a particular half of the 
receiving cup, its exit pathway is guaranteed. Flow then 
would continue outward through respective radial trans- 
port channels 244a' and 244b'; then into the respective 
circumferential channels 246a and 246b. Separation of 
the composite fluid then continuously occurs and flow 
continues on around the separation layer 41' simultane- 
ously in the two channels 246a and 246b to the respective 



outlet channels 252a, 254a and 252b, 254b and from 
there, as separated fluids, then out of the centrifugal con- 
figuration through respective outlet ports 256a, 258a and 
256b, 258b. From here, the separated fluids would be 
flowed to respective collection/receiving areas or channels 
(not shown here), which in one embodiment are like those 
respective channels 31, 33 of Figs. 2 and 4A, 4B, 4C (with 
the primary distinction, of course, of having more than 
one passageway flowing fluids there into). The other al- 
ternative embodiments of Figs. 6 and 7A, 7B, 7C, among 
others not shown here, could also be used herewith. More 
than two tandem channel configurations could also be 
used to achieve the weight balancing sought here. 

[0083] An alternative second concept for a wet/dry weight bal- 
ance involves a plasma-filled, static column 250 that fills 
substantially simultaneously with the fluid pathway legs 
44, 52, 54, as shown in the separation configuration 41' 
in Fig. 10. The plasma column 150 has a geometry that 
counterbalances the whole blood-in leg 44 and plasma- 
out and RBC-out legs 52 and 54 as they fill. The counter- 
balance would preferably have a vent hole 252 for air dis- 
placement therefrom during initial filling or priming. 

[0084] The embodiment of Figs. 11 and 12 is directed to a simi- 



lar weight balance concept. However, in the embodiment 
of Figs. 11 and 12, less plasma is relegated to a substan- 
tially static disposition as within the channel 150 of Fig. 
10. Rather, here, a shortened channel 155 is disposed to 
receive the exit flow of plasma from the separation con- 
figuration 41"'. Then, more plasma is allowed to be in rel- 
ative continually flowing disposition around the configu- 
ration 41'" even though the removal of the plasma outflow 
tube to the substantially opposite side of the rotor may 
encourage a substantially no or low flow condition at the 
meeting position of interface 106 with wall 66. A further 
alternative here is the use of an optional wall 157 to en- 
sure the location of the interface does not run too far ra- 
dially outwardly. This wall 157 is not shown in the iso- 
metric view of Fig. 12 to underscore the optional nature 
thereof. 

[0085] N 0 te also, Figs. 9 and 12 are shown without exterior walls 
such as wall 67 in Figs. 3A, 3B and 5, for example. This is 
shown this way for convenience in demonstrating the in- 
ternal components of these alternative rotors. An exterior 
wall such as wall 67 would be preferred in these embodi- 
ments as well. 

[0086] | n two further alternative embodiments as depicted in 



more detail in Figs. 13 and 14, the centrifuge units 14 
generally include similar outer housings 30 and corre- 
sponding internal rotor assemblages 40. In broad terms, 
each outer housing 30 includes a bottom wall 32 (the ex- 
terior face of which being the flat-bottom surface 15 de- 
scribed above), one or more circumferential walls 34, 35, 
and a top wall 36. As before, bottom, circumferential, and 
top walls34, 35 and 36 are preferably contiguous (after 
assembly with a rotor 40) and may at least partially be in- 
tegrally conjoined or formed, although they may each be 
separately-formed elements which are subsequently 
joined. In either case, the walls preferably form a fluid- 
tight arrangement. A fluid inlet aperture 37a is preferably 
defined in the top wall 36, and two exit38a, 39a are 
preferably defined in and through the bottom wall 32 
(although these could be disposed in and through a side 
wall 34 or 35). Respective inlet and outlet structures 37, 
38 and 39 as shown are preferably used to define the re- 
spective apertures 37a, 38a and 39a, although other 
forms could be used. The tubing system 16 and respective 
fluid storage containers 22, 24 for example, may be con- 
nected to the housing 30 as shown in Figs. 1A and IB 
(and in dashed lines in Figs. 13 and 14) via the connec- 



tions of tubing lines 18, 19 and 20 with the respective 
aperture structures 37, 38 and 39; however, in these em- 
bodiments, the bags 22, 24 are preferably disposed below 
the unit 14 to allow for gravity drainage therefrom into 
the bags 22, 24. 

[0087] The rotor 40 in Figs. 13 and 14, also as above; particularly 
includes an outlet channel 52 which then connects to an 
outlet aperture 56 and an outlet channel 54 which simi- 
larly connects to an outlet aperture 58. However, Figs. 13 
and 14 show an embodiment wherein the plasma outlet 
56 leads first vertically downwardly through the rotor 40 
and then it extends downwardly from the rotor 40. This 
thus provides fluid communication from the outlet to the 
lower interior channel 31 of the housing 30. In this way 
then, fluid passing through outlet 56 then empties from 
the rotor 40 into the rotor housing 30 within the lower 
channel 31 thereof. Lower channel 31 is then also in fluid 
flow communication with the outlet 38 which thereby al- 
lows for fluid flow out of housing channel 31 into and 
through outlet 38, and from there, into and through tub- 
ing line 20 ultimately to fluid container 24 (see Fig. where 
however, the container 24 is preferably disposed below 
the unit 14 so that separated fluid can flow under the 



force of gravity from chamber 3 1 to the container 24. 
[0088] Similarly, as shown in Fig. 13 and 14, the RBC outlet 58 
also leads downwardly through the rotor 40 and commu- 
nicates outwardly to and provides fluid communication 
from the RBC outlet 58 to an intermediate interior circum- 
ferential channel 33 of the housing 30. Fluid then passes 
through outlet 58 and then empties from the rotor 40 into 
the intermediate channel 33 within the rotor housing 30. 
Channel 33 is then also in fluid flow communication with 
the RBC outlet 39 thus allowing for fluid flow out of chan- 
nel 33 into and through outlet 39, and from there, into 
and through tubing line 19 ultimately to fluid container 22 
(again, see Fig. 1A). Moreover, as was true above, the fluid 
reaching the interior channel 33 is preferably drained by 
the pull of gravity, into a hanging storage bag 22 which 
here also is preferably disposed below the centrifugal unit 
14. 

[0089] Also note in Figs. 13 and 14, a piece of metallic material 
50 is shown disposed within the lower part of rotor 40. At 
least one such piece of metallic material 50 is preferably 
disposed therein to interact with the rotating magnetic 
field generated by the base to spin the rotor 40 about the 
rotational axis 43 (see description below) within the sub- 



stantially stationary housing 30. 
[0090] | n v j ew 0 f the foregoing, various modifications, adapta- 
tions and variations of the structure and methodology of 
the present invention will become apparent to those 
skilled in the art without departing from the scope or 
spirit of the present invention. It is intended that the 
present invention cover all such modifications, adapta- 
tions and variations as limited only by the scope of the 
following claims and their equivalents. 



